Podiform chromitites have been interpreted as cumulates by harzburgite/melt interaction and related melt mixing at the upper mantle to the Moho transition zone. Recent discovery of diamond and other ultrahigh -pressure (UHP) minerals from some podiform chromitites, especially those from Tibet, however, has raised a question about the depth of their formation. These UHP chromitites are possibly of deep recycling origin; they had been originally formed at the upper mantle before sinking down to deeper mantle, and upwelling again to the shallowest mantle by convection. Diamond is formed by reduction/oxidation of fluidal carbon species (e.g., CO 2 or CH 4 ) obtained during the convection history, and has survived oxidation because of strong encapsulation in metal alloys further included by chromian spinel. Exsolved silicates (diopside and coesite) in chromian spinel from some UHP chromitite are possibly derived from hydrous mineral inclusions in chromian spinel formed at low pressures, which have been decomposed/molten during sinking and solved in the UHP chromian spinel phase. Both the UHP chromitites and ordinary low -pressure ones could be present in the upper mantle derived from the mid -oceanic ridge, one of the main ends of the mantle upwelling flow. The mantle recycling issue unraveled through chromitite thus can be one of the targets of deep oceanic mantle drilling including the Mohole.
INTRODUCTION
Podiform chromitites are commonly found in the Moho transition zone (MTZ) to the uppermost part of mantle member of ophiolites, although very low in abundance (e.g., Thayer, 1964; Arai, 2010) . They occur as small pods or irregular -shaped bodies enveloped by dunite within harzburgite or less frequently within lherzolite (Cassard et al., 1981; Arai, 1997) (Fig. 1a) . The podiform chromitite and dunite envelope have been interpreted as a shallowseated (uppermost mantle) product of harzburgite/melt reaction and related melt mixing (e.g., Arai and Yurimoto, 1994; Zhou et al., 1994; Arai and Abe, 1995) . However, this has been seriously questioned and re -examined by discovery of diamond and other ultrahigh -pressure (UHP) minerals from podiform chromitites (e.g., Robinson et al., 2004; Trumbull et al., 2009) . Coesite exsolved from chromian spinel in a Tibetan chromitite decisively indicates that chromian spinel had experienced a pressure condition higher than the uppermost part of the mantle where the chromitite is now located (Yamamoto et al., 2009) . I would like to discuss a possibility of deep recycling origin for some of podiform chromitites. This will contribute to establishing new mantle dynamics for formation of the lithosphere that we can observe in ophiolites, as well as for mid -ocean ridge processes.
CHRACTERISTICS OF PODIFORM CHROMITITES
The podiform chromitite is commonly found in the MTZ to mantle section of ophiolites as well as in solid -intrusive peridotite massifs (especially harzburgite -dominant ones). It has been rarely reported associated with abyssal peridotites from the current ocean floor (Arai and Matsukage, 1998; Shipboard Scientific Party, 2003) . Chromitite xenoliths possibly derived from podiform body have been rarely found from the Southwest Japan arc (Arai and Abe, 1994) . Observations on ophiolites indicate various stages of chromitite formation relative to surrounding mantle peridotite: some chromitite bodies (concordant chromitites) are concordant to foliation of peridotite, and others (discordant chromitites) cut the foliation (Cassard et al., 1981; Lago et al., 1982) (Fig. 1a) . Chromitites of podiform type are characterized by large variations of texture and olivine/chromian spinel Possible recycled origin for ultrahigh -pressure chromitites modal ratio (Figs. 1b -1d ). Massive chromitites, with up to 100% chromian spinel (Fig. 1b) , grade to ordinary dunites containing a few volume % spinel through disseminated chromitites (Fig. 1d ) and spinel -rich dunites. Some chromitites show peculiar textures, say nodular, orbicular and anti -nodular ones, composed of orbicular aggregates of chromian spinel set within olivine -rich matrix (Fig. 1c) or vice versa. They have been interpreted as primary igneous textures, which are solely observed in the discordant chromitite but have been obscured in the concordant one on deformation (Cassard et al., 1981) .
LOw-PRESSURE gENERATION OF PODIFORM CHROMITITES
Despite the presence of UHP minerals in some podiform chromitites, we have had several lines of evidence for relatively low -pressure formation of the podiform chromitite (e.g., Lago et al., 1982; Arai, 2010) . Observations on the well -preserved ophiolitic mantle section, podiform chromitites with dunite envelope are in -situ formed replacing deformed harzburgite (e.g., Cassard et al., 1981; Lago et al., 1982) . This indicates the formation of some chromitites postdates the deformation of host harzburgite at the upper mantle beneath a spreading center (Cassard et al., 1981; Ceuleneer and Nicolas, 1985; Ceuleneer et al., 1988) . The dunite envelope around chromitite ( Fig. 1) is equivalent to the replacive dunite, of which formation is associated with low -pressure breakdown of harzburgite orthopyroxene (e.g., Quick, 1981; Kelemen et al., 1990) . The breakdown of orthopyroxene in harzburgite plays an essential role in precipitation of chromitite as one of sources of its Cr and Al (Arai, 1997) . There seems to be a consensus that the podiform chromitite is formed by melt/ harzburgite reaction with subsequent melt mixing at the uppermost mantle (Arai and Yurimoto, 1994; Zhou et al., 1994) . The frequent presence of primary inclusions of hydrous minerals (pargasite and phlogopites) within chromian spinel of podiform chromitite (e.g., Lorand and Ceuleneer, 1989) indicate its low -pressure, i.e., upper mantle, origin within the stability field of these hydrous minerals (e.g., < 3 GPa for pargasite; Niida and Green, 1999) . This character, i.e., the presence of hydrous mineral inclusions in chromian spinel, is shared by the stratiform chromitites in layered intrusions (e.g., Spandler et al., 2005) , distinctly of lower crustal origin, which is consistent with the relatively low -pressure origin of the podiform chromitite.
ULTRAHIgH-PRESSURE MINERALS FROM PODIFORM CHROMITITES: A REVIEw
Diamond and other unusual minerals, which indicate UHP and/or reducing conditions ( Yang et al. (2007) , suggesting a minimum pressure of 10 GPa. Apart from these UHP minerals as inclusions in chromian spinels, which may be interpreted as UHP xenocrysts accidentally captured by chromian spinel (e.g., Bai et al., 2000; Robinson et al., 2004) , Yamamoto et al. (2009) found diopsidic clinopyroxene and coesite as exsolution lamellae from chromian spinel. They interpreted the lamella -bearing chromian spinel as a breakdown product from UHP CF (calcium ferrite; CaFe 2 O 4 ) type precursor (chromian spinel), and suggested pressures for formation over 12.5 GPa (> 380 km) (Yamamoto et al., 2009) . As UHP polymorphs of chromite (FeCr 2 O 4 ), CT (calcium titanate; CaTi 2 O 4 ) type was proposed, being stable at pressures over 20 GPa, in addition to the CF -type (Chen et al., 2003) .
The podiform chromitites containing the unusual UHP minerals from Luobusa appear to be similar in geological and petrographical characteristics to "ordinary" podiform chromitites (Zhou et al., 1996; P. Robinson, personal communication, 2010) . The Cr# [= Cr/(Cr + Al) atomic ratio] of chromian spinel of podiform chromitite from the Luobusa ophiolite is relatively high, ranging from 0.7 to 0.8 (Zhou et al., 1996) . The hydrous mineral inclusions in chromian spinel, which are commonly found in ordinary podiform chromitites, are apparently absent in chromian spinel from the Luobusa chromitites (e.g., Yamamoto et al., 2009) . PGE alloys (e.g., Os -Ir, Os -IrRu and Pt -Fe) have been commonly found (Bai et al., 2000) , but PGE sulfides, sulfarsenides and arsenides, which are common in podiform chromitites from other ophiolies (e.g., Arai, 2002, 2003) , have not been reported from the Tibetan ophiolites.
In addition to the two Tibetan ophiolites (Luobusa and Donqiao), two other ophiolites (Oman and Ray -Iz, the Urals) produce SiC, one of possible UHP minerals (Trumbull et al., 2009 ). Other UHP minerals except diamond have been found from the Oman ophiolite (P. Robinson, personal communication, 2010) .
DISCUSSION: POSSIBILITY OF RECYCLINg OF CHROMITITE
Recent discovery of old (possibly 2 Ga) mantle peridotites from the ultra -slow to slow spreading ridges (e.g., Liu et al., 2008 ) strongly indicates that some mantle materials survive melting and have been in convection within the mantle. Now the podiform chromitite is one of the (Yamamoto et al., 2009 ). ** Possible pseudomorph now consisting of blade -like coesite crystal (Yang et al., 2007) . *** Poosible pseudomorph now composed of altered Mg -Fe silicate suggesting an octahedral shape (Robinson et al., 2004) . Possible recycled origin for ultrahigh -pressure chromitites candidates for the recycled mantle material. Some of key features of the UHP podiform chromitites apparently can be explained by deep recycling of podiform chromitites originally formed at the upper mantle (Fig. 2) . Diopside and coesite exsolution in chromian spinel (Yamamoto et al., 2009) indicates solution of the silicate component in high -pressure CF -type chromian spinel. The silicate component is possibly representative of a remnant of the hydrous mineral inclusions that are ubiquitously found in chromian spinel in low -pressure chromitites (e.g., Lorand and Ceuleneer, 1989) . They may be dehydrated and partially molten to expel incompatible components (e.g., H 2 O, Na, K, and Ti) during conveyance to the deeper part of mantle by convection. The residual components are possibly dissolved into UHP polymorphs (Chen et al., 2003) of chromian spinel (cf., Yamamoto et al., 2009) . They have been exsolved as diopside and coesite during upward movement (Yamamoto et al., 2009) . Diamond is transformed from fluidal carbon species, such as CO 2 and CH 4 that are captured as fluid inclusions at the shallow mantle after chromitite precipitation, at deeper mantle by reduction or oxidation. Diamond can survive oxidation only when the carbon was trapped in resistant minerals such as PGE alloys (Yang et al., 2007) (Fig. 2) . The PGE alloys, especially Os -rich ones, are most probably precipitated from magmas in the upper mantle (e.g., Brenker et al., 2003) . The diamond -bearing metal alloys are further included by chromian spinel; only this double encapsulation can armor diamond against low -pressure oxidation (Fig. 2) .
Valence and behavior of Cr in the deep part of the mantle have been still unclear (e.g., Stachel et al., 2005) . If the chromitite as essentially chromian spinel (chromite) -olivine rock can maintain a closed system in the downward mantle convective flow, it may be converted to a rock composed of CF (or CT) -type post -chromian spinel phase and wadsleyite (or ringwoodite) and so forth (cf., Chen et al., 2003; Stachel et al., 2005) . Due to unavailability of pyroxenes in the system, chromian spinel may survive phase transition to knorringite -rich garnets and related majorites (cf., Brey and Gimis, 1999) . The original magmatic textures particular to the podiform chromitite ( Fig. 1) can be preserved during compression and subsequent decompression because no strong reaction between chromian spinel and olivine or between their UHP equivalents can be expected. In addition, the textures may not be destroyed during the recycling because the chromitite is much more rigid and resistant against plastic deformation than the surrounding dunite envelope, which has been selectively deformed. Ruskov et al. (2010) proposed a new idea for origin of the podiform chromitite. They considered the massive UHP chromitites have been modified, during upwelling movement, through interaction with surrounding mantle peridotite to form various secondary chromitites, e.g., nodular and disseminated chromitites (Figs. 1c and 1d) , with concomitant melting/melt extraction. And the primary UHP chromitites have been preserved intact in chemistry only if they have not suffered from this modification. If this model is acceptable, systematic change (an increase) in Cr# of chromian spinel from the primary UHP chromitites to secondary disseminated ones or dunite is highly expected. This is, however, not the case for almost all chromitites (Arai, 1997) including the Luobusa ones (Zhou et al., 1996) . Above all, the role of melting is not clear in their model (Ruskov et al., 2010) for podiform chromitite genesis. 
CONCLUSIONS AND SUggESTIONS
The distribution and abundance of UHP minerals should be urgently examined in other ophiolites, especially in the Oman ophiolite, which is one of the best -preserved and exposed ophiolites in the world. There are a lot of chromitite pods and bodies in the Oman ophiolite, which are clear both in the geological relation to surrounding peridotites and in the position in the ophiolite stratigraphy (e.g., Ceuleneer and Nicolas, 1985; Augé, 1987; Ahmed and Arai, 2002) . Recent finding of SiC from chromitite of the Oman ophiolite (Trumbull et al., 2009 ) suggests a possibility of wide distribution of other UHP minerals in Oman. It is noted that both the Tibetan ophiolites and the Oman ophiolite belong to so -called Tethyan ophiolite, representing the oceanic lithosphere of the Tethys (e.g., Moores et al., 2000) , Peridotites, especially their chromian spinels, from the ophiolitic mantle should be also checked for the presence of diamond and other UHP minerals (see Arai, 2010) . Some of the UHP minerals found in podiform chromitites are C -bearing (Table 1) , suggesting their possible importance in deep carbon cycle. Because the mantle section of the Tethyan ophiolites is representative of some oceanic lithosphere at a spreading center, the origins of chromitites and their UHP minerals are testable by the Mohole and other deep drilling for abyssal mantle sampling. We would like to have fresh abyssal peridotites hopefully containing podiform chromitites obtained by such deep drillings.
